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Abstract 
This paper focuses on aircraft engine ignition system. Fault characteristic database containing fault waveforms of 
different fault types are obtained by many experiments. The outputting ignition waveform is made waveform image 
matching with all the typical fault waveforms of fault characteristic database by waveform image matching 
algorithm, then fault type of ignition system can be determined. 
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1. Introduction 
For each aircraft engine, both jet engine or piston engine are equipped with ignition system. Ignition 
system and starting system coordinate to work together to make the fuel mixture burn in the combustion 
chamber for producing engine working conditions when starting the engine in the ground. In the flight, 
ignition system works alone. 
Gas turbine engine ignition system includes ignition power, ignition exciter, ignition wire and ignition 
spark plug, as shown in Fig.1. 
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Fig.1 ignition system structure 
2. System Structure 
The overall structure of ignition test and diagnosis system hardware based on virtual instrumentation 
mainly includes a high-pressure sensor, signal conditioning circuit, a data acquisition card and PC, as 
shown in Fig.2. 
Fig.2 ignition test and diagnosis system hardware structure 
Ignition system test and diagnosis system works as follows: 
1. Obtain the measured signal on the high-pressure sensor, convert the data signal to the electricity 
signal. 
2. Signal conditioning circuit turns the signal which the high-pressure sensor outputs into the standard 
signal by shaping, conversion, filtering. 
3. Data acquisition card collects the voltage signal which signal conditioning circuit processes, and 
converts to the digital signal that the computer can handle. 
4. Sent the collected digital signal to PC and make waveform image matching to determine the fault 
type of ignition system. 
3. Typical Ignition System Faults 
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Fault Tree Analysis is a way to refine the causes of system fault formation gradually. Its purpose is to 
ascertain the basic fault and determine the causes, effects and probability of occurrence. 
Ignition system fault is mainly concentrated in the ignition wire and ignition exciter, a few faults as 
ignition spark plug which causes performance degradation. Typical faults mainly are the local short-
circuit in the interior of ignition exciter, abrasions and broken ceramic insulating sleeve in ignition wires, 
coking, widening or narrowing of the bipolar plate spacing in ignition spark plug and so on. 
The following are a fault tree of a bottom event "ignition energy shortage", according to Fault Tree 
Analysis, as shown in Fig.3. 
Fig.3 Fault Tree basedon “ignition energy shortage” 
4. Waveform Image Matching Algorithm 
The theory of waveform image matching is applied by matching waveform image diagnosed with that 
in the ignition waveform fault library to find the closest fault waveform image to confirm fault type 
generated corresponding to ignition fault waveform, as to achieve fault diagnosis purposes by the ignition 
voltage waveform. 
In practical application,  previously store several typical fault waveform samples FTj(t)( j = 1, 2, …, n; 
0 < t < T) , measured ignition waveform FRi(t) as the test sample, then integral：
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Indicate the mean square error of FRi( t) and FTj( t). 
When G(i, j) is minimum, it indicates FRi(t) is close to FTj(t) in the minimum mean square error 
criterion. When G(i, j) is closer to zero, FRi(t) and FTj(t) are more matching.  
Expand Eq.1: 
0 0 0
1( , ) [ ( ) 2 ( ) ( ) ( ) ]
T T T
Ri Ri Tj TjG i j F t dt F t F t dt F t dtT
= − +∫ ∫ ∫                                                       
(2) 
The first integral term of Eq.2 indicates the energy of the test sample. It is the same for all the typical 
fault waveform samples. The purpose to identify and match the measured ignition waveform is to find the 
typical fault waveform samples FTj (t) when G(i, j) is minimum. The value of G(i, j) is not cared about, 
therefore, the first integral term can be omitted.  Eq. 2 becomes 
0 0
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(3) 
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Thus, the question is to find FTj(t) when H(i, j) is maximum in the minimum mean square error 
criterion. The second integral term of Eq.3 represents the energy of typical fault waveform samples, 
because the stored of typical fault waveform samples are different, this item can’t be omitted. However, 
each typical fault waveform energy can be calculated, when storing typical fault waveform samples, 
finally the energy of typical fault waveform samples and the waveform samples is stored together. When 
it need to calculate the different test samples, it can directly call its energy value. 
The process of calculation and comparison in the paper requires computer language programming to 
achieve. It should be noted that in each digital waveform matching process the precondition is to make the 
starting position and the end position same with that of the template waveforms after waveform 
vectorization, otherwise there will be deviation in matching and recognition. In the process of comparison 
and matching it is impossible to match all the characteristics, because the number of feature points and the 
characteristics of the selected waveform must have differences. It is impossible to make G(i, j) to be 
absolute zero. 
5. Software Achievement In Labview 
Waveform image matching is obliged to read image templates of the standard waveform and all the 
typical fault waveforms in a certain state, and compare these with the collected waveform image by For 
loop structure. For loop structure in Labview is a common structure, which operates through a given 
number of times cycled, to control programs in its borders in accordance with need. The standard and 
typical fault waveform image templates in a certain state is placed in a same directory , and create the 
corresponding VI Library for storage.  
Comparison process is through the function command in Express VI Comparison, which works by the 
property settings. Settings include: select the feature data points as a comparison object, select a certain 
tolerance range and so on as a comparison way, select the tolerance range based on a comparison result of 
the different requirements. Comparative results are shown in “waveform template matching analysis 
chart”. Larger changed curve in it directly reflects the differences in the matched waveform image. Each 
waveform template matching analysis chart is obtained through Fault Tree Analysis. Fig.4,5,6,7 shows 
matching analysis and diagnosis conclusions after waveform image template matching. 
6. Conclusions 
Certainly, characteristic comparison and template matching operation analysis by function command in 
Express VI can make the overall block diagram concise and easy to read, and make programs run fast, but 
only achieve analysis and comparison in setting tolerance there is lack of ease in use. This requires to 
choose other ways in the research process in the future to improve operation convenience and keep the 
advantages of this method. 
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Fig.4 coke in ignition spark plug                                                                      Fig.5 ignition spark plug isn’t breakdown 
Fig.6 reduction of vibration times                                                                    Fig.7 local short-circuit of ignition exciter 
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